Abstract
Introduction
Wastewater effluent is defined as the spent or used water of a community or industry which contains dissolved and suspended matter, and about 99% of which is liquid while the remaining 1% is solid waste (FAO, 1991) . Industrial wastewater is generated from a wide variety of sources and has a broad diversity of chemical properties and constituents (Bielefeldt, 2009 ). The major sources of waste in the meat processing industry are from lairage area, slaughtering, hide or hair removal, eviscerating, carcass washing, trimming and clean-up operations (USEPA, 2004) . Slaughterhouses water consumption varies depending on the type of animal and the process used (Mittal, 2004) . Most water consumed at slaughterhouses ultimately becomes effluent, and slaughtering operation is the largest single source of waste load in a meat packing plant (Carawan et al., 1979; Tritt and Schuchardt, 1992; Cho et al., 1995) .
Abattoir effluent is characterized by the presence of high concentration of slaughtered animal's blood and high suspended solids from rumen and stomach content, undigested food, feathers, flesh pieces and pieces of bone making it very strong (Bull et al., 1982; Sunder and Satyanarayan, 2013) . In most of the slaughterhouses in India, effective collection of blood, separation of manure or effluent treatment methods are not practiced and extremely complex effluents are discharged into land or water (Irshad et al., 2015) . Surface and ground water pollution in addition to the odour, fly and mosquito nuisances are posed by these practices. The slaughterhouse wastewater is well suited for anaerobic treatment because of the presence of high concentration of biodegradable organics, alkalinity and adequate phosphorous. It does not include toxic compounds and has sufficiently warm (around 30ºC) temperature. Anaerobic digestion provides high organic removal while producing recoverable source of energy in the form of methane. It generates low quantity of sludge which does not require aeration. The experimental evaluation of biodegradation of slaughter house effluent under anaerobic and aerobic conditions suggested the need for an anaerobic treatment stage prior to aerobic treatment (Del et al., 2003) .
Different countries practice different wastewater treatment systems and is reported that the most common wastewater treatment methods in developed countries are centralized aerobic wastewater treatment plants and lagoons for both domestic and industrial wastewater (Doorn et al., 2006) . In similar way, in developing countries like India, some slaughterhouse industries have started to use Effluent treatment plant (ETP). However, due to limited holding capacity of the ETP, during high production and wet season, wastewaters are over flown and discharged to nearby rivers and/or land. There are also slaughterhouses without any wastewater treatment facilities and their effluents are released directly into the rivers.
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and COD (Kobya et al., 2005) , as well as high suspended solids (Bull et al., 1982) . Such wastewater also has a high temperature (20 to 30 ºC), high content of nitrogen (from blood) and phosphorus and with the absence of toxic compounds, pathogenic and non-pathogenic viruses and bacteria, and parasite eggs (Al- The nature or quality of slaughterhouse effluent depends on number of factors, namely:
a. The degree of separation of by-products such as blood, fat, manure, and undigested stomach contents from the effluent stream (Wilson, 1998; Mittal, 2004 ) and blood retaining during animal bleeding is considered to be the most important measure for reducing BOD (Tritt and Schuchardt, 1992 ).
b. Water usage: water economy usually translates into increased pollutant concentration, although total BOD mass will remain constant (Masse and Masse, 2000) .
c. Type of animal slaughtered: BOD is higher in wastewater from beef than hog slaughterhouses (Tritt and Schuchardt 1992) d. Type of animal slaughtered, type of plant, amount of rendering or meat processing activities: plants that only slaughter animals produce a stronger wastewater than those also involve in rendering or meat processing activities (Johns 1995).
Environmental Impacts of Slaughterhouse effluent
Slaughterhouse activities have direct and indirect impacts on the built-up environment and health of people especially residents in slaughterhouse vicinity. It has also a negative impact on air and water qualities of residents within slaughterhouse vicinity especially slaughterhouse where special or effective effluent disposal system is not practiced (Bello and Oyedemi, 2009 ). The most significant environmental issues associated with slaughterhouse operations are high consumption of water and energy, generation of high-strength effluent streams and byproducts, for some sites noise and odor may also be concerns (Cowi, 2001; Irshad et al., 2015) .
Discharge of wastewater to surface waters affects the water quality. One of the environmental effects of discharging slaughterhouse wastewater causes deoxygenation of rivers (Quinn and Farlane, 1989 ) and the contamination of groundwater (Sangodoyin and Agbawhe, 1992) . Excess nutrients or organic matter present in the effluent can cause the water body to become choked with organic substances and organisms. Slaughterhouse wastewater also contains insoluble and slowly biodegradable suspended solids (Sayed et al., 1988) . Increased suspended particulate matter can reduce light penetration into water body, and it may also alter benthic spawning grounds and feeding habitats (USEPA, 2002). When organic matter exceeds the capacity of the micro-organisms in water that break down and recycle the organic matter, it leads to eutrophication and encourages rapid growth, or blooms, of algae. Similarly, oil and grease are known to produce toxic effects on aquatic organisms such as fish, crustacea, larvae and eggs, gastropods, bivalves, invertebrates, and flora (USEPA, 2002).. Equally, improper disposal systems of wastes from slaughterhouses could lead to transmission of pathogens to humans and cause zoonotic disease such as E. coli, bacillosis, salmonellosis, brucellosis, and helminthes (Cadmus et al., 1999) .
Improper management of abattoir wastes and subsequent disposal either directly or indirectly into river bodies portends serious environmental and health hazards both to aquatic life and humans. Tritt and Schuchardt (1992) reported a COD level as high as 2,785,000 mgL -1 for raw bovine blood.
Chloride (Cl)
is -a measure of salinity. Effluent especially coming from rendering unit and tannery contain high amount of chloride content which may contaminate soil and drinking ground water.
Dry matter (DM) or total solids (TS)
are the final weight of a known amount of effluent that has been dried to a constant weight at 105°C over 24 h. It is measured in g/litre or mg/litre. According to Mittal (2004) , abattoirs effluents contain the TS concentrations between 2,333 -8,620mgL -1 .
Grease, fat and oil (FOG) are a group of substances having common properties of immiscibility
with water and a lower specific gravity, which cause them to float. Concentrations are measured by the amount of solvent required for the effluent to become soluble. Some water authorities in the United Kingdom will accept a level of 100 mg/litre. The substances tend to coat treatment systems, clogging pipes, pumping systems and screens. They reduce oxygen transfer and can seriously reduce the efficiency of aerobic treatment systems. 
pH is

Suspended solids (SS)
refers to matter, which is insoluble and is suspended in the water. It consists of both organic and inorganic components. The organic material will eventually be degraded and add to the BOD.
Temperature:
The effluent produced from slaughterhouse usually have high temperature which disturb the natural bio-cycle of the river and water body.
Turbidity and colour:
Effluent from slaughter house are highly colored. If the red color observed
originates from blood (Gnokam-Zumgang et al., 2010), the green colour is certainly due to the chlorophyll in plant species that slaughtered animals naturally consume (Folly and Engel,1999) . 
Basic Principles of Effluent Treatment
Effluent treatment systems are designed to remove the contaminants from wastewater for safe return of c. Tertiary treatments include the removal of finer particles and other constituents such as pathogen that cannot be removed by conventional secondary treatment and disinfection.
2. Primary/preliminary treatment
Mainly it works by three methods like usage of screens, air floatation methods and physico-chemical 
(b) Dissolved Air Flotation
It is a successful method of removing suspended solids, fats and grease, and is particularly useful when disposal is to a sewer. In DAF units, air bubbles injected at the bottom of the tank transport light solids and hydrophobic material, such as fat and grease, to the surface where scum is periodically skimmed off (Camin, 1970) . Similarly grit chambers, DAF, screens, and settling tanks are also widely used for the removal of suspended solids, colloidals, and fats from slaughterhouse effluent. After DAF treatment the supernatant liquor is discharged continuously either to a sewer or for further biological treatment. The addition of chemicals that aid flocculation makes the process easier to control automatically and assists in the production of a more consistent effluent.
A large range of flocculants is available, e.g. ferric chloride / sulphate, ferrous sulphate, aluminiumsulphate (alum), sodium carbonate (soda ash), calcium carbonate (lime), polyelectrolytes and others. The pH of the effluent has to be maintained and varies depending on the flocculants used. The addition of caustic soda or hydrochloric acid controls this. Balancing tanks may be required when strict control of hourly and daily flow rates is required or when production is cyclical throughout a 24-hour period. Page22 flotation. These can also achieve COD reduction ranging from 32 to 90%, and are capable of removing large amounts of nutrients (Johns, 1995 salts also precipitate out much of the phosphorus from waste water. Anionic coagulants are used to remove hemoglobin, which can make up a large proportion of the soluble organic load in wastewater from meat processing.
Physicochemical methods can also be used for nutrient removal from effluent. Ammonia stripping and breakpoint chlorination are used for nitrogen removal, but in most cases biochemical removal is preferred (Kaszas et al., 1992) . Again according to this author ammonia stripping has been adapted to remove ammonia from rendering plant wastewater using an aerated pond with lime addition. However, it is uneconomical given the large wastewater volumes of slaughterhouses, the high buffering capacity of the wastewater and the possibility of also stripping offensive odour (Anon, 1987) . Studies also have been performed on the removal of nutrients from wastewater as insoluble crystalline materials, and Phosphorus has been successfully removed from slaughterhouse wastewater as calcium hydroxyapatite (Momberg and Oellermann, 1992).
Secondary treatment/ Biological treatment
Selection of the most suitable secondary system depends on costs, BOD level required, land area available, odour level, etc. (Metcalf and Eddy, 2003) . Anaerobic processes may be used in which the reduction of BOD is performed by bacteria in the absence of oxygen. Ponds 4.5m deep and loaded to 7.5 BOD per 5000 liters pond volume will give a BOD reduction of 60-80% especially at temperatures of 32.5ºC. Secondary treatment is carried out using biological treatment systems, which involve maintaining under controlled conditions a mixed culture of microorganisms, which utilize the continuous supply of organic matter present in the effluent to synthesize new cells.
Anaerobic treatment
This process is carried out in totally enclosed systems to prevent the entry of air. It will result in a fast reduction of organic material with the production of biogas. With a BOD higher than 2000 mg/litre it becomes advantageous. The system operates as a two-stage fermentation process in which the stages occur simultaneously within the digester. During the first stage, bacteria break down complex organic substances into simpler compounds, the most important being volatile fatty acids (VFA). In the second stage, methanogenic organisms utilize the VFA to yield methane and carbon dioxide or Bio gas.
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Two-stage fermentation process This is very much a 'living' process and the addition of a balanced effluent is essential. Too much protein can destroy the process and therefore blood must not be introduced. There is a high capital cost, the operatives require extensive training and the surplus treated effluent requires further aerobic treatment before it can be discharged into watercourses. Maintaining the pH at around 7.0-7.2 is very important.
Overproduction of VFA will lower the pH and stop the process, which can be difficult to re-start. Page24 dissolved oxygen depending on wind, temperature, and organic loading rate (Zhang, 2001 ). However, this layer is very thin and the contribution of aerobic bacteria to the overall waste degradation is insignificant.
Anaerobic bacteria can decompose more organic matter per unit lagoon volume than aerobic bacteria and are predominantly used for treatment of concentrated organic wastes. Anaerobic decomposition of livestock waste can result in the production and emission of odorous gases, primarily hydrogen sulfide, ammonia, and intermediate organic acids (Barker, 1996) . However, due to their low capital, operational, and maintenance costs combined with a high efficiency in reducing polluting charges have all contributed to the popularity of lagoons (Masse and Masse, 2000)
Aerobic treatment
In presence of air bacteria utilizes organic matter for their own cell synthesis. Organic carbon converted into CO 2 , nitrogen or nitrate ions. Before anaerobically treated wastewater is discharged to waterways, it is treated aerobically to remove most residual BOD and suspended solids, and to oxidize NH 3 and H 2 S to less harmful nitrate and sulphate.
a) Activated Sludge Process
The activated sludge process involves utilizing biologically active sludge in small amounts mixed with screened, pre-settled effluent and then agitated in the presence of an ample supply of air in an aeration tank. Aerobic digestion is less sensitive to shock loading; the retention time is shorter and therefore the tanks are smaller and cheaper. Air can be forced in through compressed-air systems or surface aerators.
The factors, which affect aeration of the reactor, are concentration of dissolved oxygen, the hydraulic retention time and substrate-loading rate, pH, temperature and toxic substances. The dissolved organic matter, colloidal residues and fine solids are oxidised to carbon dioxide and water. Proteins are broken down into nitrates and sulphates by a mixed culture of microorganisms in the reactor.
The major product of the process is large number of new cells (biomass). The biomass, together with material, which has resisted biodegradation, is separated out from the treated effluent in settling tanks (clarifiers). The supernatant liquor from the clarifier is discharged over a weir for disposal or further treatment, if required. A proportion of sludge, which settles out at the base of the clarifier, is returned to the reactor vessel to maintain the critical concentration of biomass. The remainder is drawn off to be concentrated and may require further treatment before disposal. Where sludges are to be applied to land, which is fallow or is to be seedbed for arable crops, the application is unlikely to become a problem unless the land is close to urban development, when odours may cause a nuisance. t also removes pathogenic microorganisms from wastewater (Mara, 2004) . roughing filter to achieve preliminary removal of BOD from rendering plant (Frose and Kayser, 1985) and slaughterhouse wastewater subsequent to further treatment (Hopwood, 1977) . e) High loading rates can be achieved as compared to aerobic treatment.
Combination of anaerobic-aerobic method
This is the most suitable effluent treatment for meat industries. Anaerobic-aerobic lagoon system for packinghouse wastes provided an overall BOD removal of 99%, suspended solids removal of 98% and grease removal of 98% (Loehr, 1974) . Combined system of anaerobic lagoons followed by trickling filters for meat packing wastes remove BOD, COD and grease 74, 73 and 69% respectively (Becker & white, 1971).
Final treatment
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Final treatment provides the final removal of contaminants and distributes the effluent for dispersal back into the environment. Several options are available for distributing effluent in soil. After secondary treatment, both sludge and treated water obtained. a) Liquid is treated with chorine or other suitable disinfectant like QAC and discharged into natural bodies.
b) Sludge is used for landfill purpose, composting, as manure, soil conditioner, etc… Effluent to be discharged in to surface water Less than 25 Less than 5000 Less than 100,000
Used for restricted for irrigation -do -Used for unrestricted irrigation -Less than 100 -
Conclusion
Slaughterhouse wastewater contains various and high amounts of organic matter (e.g., proteins, blood, fat and lard). Untreated slaughterhouses waste entering into a municipal sewage purification system may create severe problems, due to the very high biological oxygen demand (BOD) and chemical oxygen demand. Therefore treating of slaughterhouse wastewater is very important for prevention of high organic loading to municipal wastewater treatment plants. The most common methods used for treating slaughterhouse wastewaters are fine screening, sedimentation, coagulation, flocculation, trickling filters and activated sludge processes.
The treatment of slaughterhouse wastewater by various methods such as aerobic and anaerobic biological systems and hybrid systems have been used widely. Aerobic treatment processes are limited by their high energy consumption needed for aeration and high sludge production. Also, the anaerobic treatment of slaughterhouse wastewater is often slowed or impaired due to the accumulation of suspended solids and floating fats in the reactor which lead to a reduction in the methanogenic activity and biomass wash-out.
In addition, it is also reported that anaerobic treatment is sensitive to high organic loading rates, as a serious disadvantage. Even though biological processes are effective and economical, both biological processes require long hydraulic retention time and large reactor volumes, high biomass concentration and controlling of sludge loss, to avoid the wash-out of the sludge. Among physico-chemical processes, dissolved air flotation (DAF) and coagulation-flocculation units are widely used for the removal of total suspended solids (TSS), colloids, and fats from slaughterhouse wastewaters.
